Because samples must be analyzed under high vacuum pressure, XPS also requires sophisticated and time-consuming procedures. Hence, a non-destructive rapid analysis method that can distinguish between Cr(III) and Cr(VI) is needed.
We previously showed that an analytical method using Raman spectrometry can be used to analyze polybromobiphenyl ethers (PBDEs) (banned by the RoHs directive) in EEEs, and can distinguish PBDEs from other brominated flame retardants. 7 Raman spectrometry provides information about bonding and molecular structure, which complements information about elemental composition and the oxidation states available from XPS and EDXRF analysis. Therefore, we studied whether Raman spectrometry can discriminate between Cr(VI) and Cr(III) by analyzing the samples shown in Table 1 . The valences of Cr in six films were checked using a JELO JSP-9200 X-ray photoelectron spectrometer in preference to Raman analyses. The Raman spectra were measured from 0 to 4000 cm -1 with a JEOL JRS-SYSTEM1000 Raman spectrometer configured with the 514. 5 The European Union has banned chromium(VI) compounds in electrical and electronic equipment (EEE), such as chromate conversion coating films. Chromium(III) compounds are not banned. Using Raman spectroscopy without any preparation, we distinguished chromium(VI) oxide from chromium(III) oxide and chromium(III) hydroxide in chromate conversion coating films. Raman bands of chromium(VI) oxide were detected in films at around 1000 and 500 cm -1 , while chromium(III) compounds generated no bands in the region between 2000 and 200 cm -1 . The analysis took about 1 min, whereas the usual diphenylcarbazide-colorimetric method for analyzing chromium(VI) compounds takes about 10 h. Cr(VI) and Cr(III) solutions are shown in Fig. 1 . Colored and black CCC films made from Cr(VI) solutions clearly have two peaks at around 578.9 (attributed to Cr(VI)) and 577.7 eV (attributed to Cr(OH)3), while an electroplating film made from Cr(VI) solution has only the Cr(OH)3 peak. All of the films made from Cr(III) solutions have peaks at around 576.0 eV, which is attributed to Cr(III). The Raman spectra of powders of CrO3 and Cr2O3 are shown in Fig. 2 . CrO3 has two distinctive bands at around 1000 and 500 cm -1 , but Cr2O3 has no bands around these regions. Instead, it has two distinctive bands around 600 and 300 cm -1 . A Raman band for Cr(OH)3 exists at about 560 cm -1 . 8 This indicates that Raman spectroscopy can distinguish CrO3 from Cr2O3 and Cr(OH)3, so it can be used to distinguish Cr(VI) from Cr(III) in Cr electroplating and CCC films.
The Raman spectra of electroplating and CCC films made from Cr(VI) are presented in Fig. 3 . Every sample of them show some peaks between 1200 and 800 cm -1 and around 560 cm -1 . The bands between 1200 and 800 cm -1 corresponded to a C=O stretching frequency around 1030 -1000 cm -1 and a Cr-O-Cr bending frequency around 880 cm -1 in the Cr(VI) oxide species. 9, 10 The band around 560 cm -1 agrees well with that of Cr2O3. Therefore, Fig. 3 shows that the electroplating and black CCC films contained Cr(VI) and Cr(III) species and the colored CCC films contained mainly Cr(VI) species. These data corresponded to the XPS data in Fig. 1(a) . None of the Cr(III) films showed a Raman band, as shown in Fig. 4 11 Raman spectroscopy with a 514.5 nm laser is especially sensitive to the Cr(VI) species in thin films. 8 These data clearly show that Raman spectroscopy can distinguish Cr(VI) from Cr(III) species in Cr electroplating and CCC films.
We propose combining Raman spectroscopy and EDXRF analysis to detect Cr(VI) in EEEs. Raman spectroscopy is a powerful tool for analyzing Cr(VI) and PBDEs, which are both banned by the RoHs directive.
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